Using data from one of the Internet's leading price comparison sites for consumer electronics products, we present evidence for the persistence of price dispersion for 36 homogeneous products. The markets for these products are "thick" with an average of over 20 firms selling each product. We show that prices do not converge to the "law of one price" even after an 18 month period. This finding is robust to controls for differences in shipping charges and inventories. Further, we show that product life cycle effects lead to changes in the number of competing firms and the range of price dispersion consistent with the theoretical predictions of the Varian (1980) model. The average number of competing firms declines from about 28 to 10 during the final five months of our dataset. Over this same period, the average range in prices decreases from about 75 percent to 30 percent. After accounting for firm heterogeneities in costs, branding, reputation, trust, product availability and shipping costs, 28 percent of the variation in prices charged for homogeneous products remains unexplained. This is also consistent with the Varian model.
Introduction
The failure of the "law of one price" has been widely observed in non-Internet markets. In his seminal paper, Hal Varian quipped that when it came to prices for identical products in conventional retail markets, "… the 'law of one price' is no law at all." (Varian 1980, 651) Beginning with Stigler (1961) , a large and successful theoretical literature has arisen explaining how dispersed prices can comprise equilibrium in the presence of price-sensitive consumers and homogeneous products.
One approach generates price dispersion in pure strategies, where different firms charge different prices because of heterogeneities in costs or service levels. The other approach generates price dispersion through randomized pricing strategies by firms. 1 As Varian points out, the former type of price dispersion is unlikely to be long-lived, as consumers will eventually learn which firms are charging the best prices and shop from them exclusively. Varian argues that the latter type of price dispersion will persist over time.
Price dispersion has also been observed in Internet markets (see Smith, Bailey, and Brynjolfsson, 1999 for a useful survey of results 2 ); however, little is known about the empirical persistence of this price dispersion over long periods of time. In contrast to Varian's explanation, Brynjolfsson and Smith (2000) argue that price dispersion is largely due to retailer heterogeneity with respect to branding, awareness, and trust. If this is the case, price dispersion should be modest after controlling for such heterogeneities.
The present paper examines the persistence of price dispersion in a wellestablished online retail market. Using data collected over an 18-month period from one of the leading price comparison sites on the Internet, we show that prices for identical consumer electronics products listed by multiple retailers display considerable and persistent price dispersion. On average, the highest price for a consumer electronics product is 57% above the lowest available price. The savings to a consumer simply from consulting the comparison site are also significant-on average, the difference in prices paid by consumers shopping at a randomly selected firm rather than from the firm offering the lowest price is about $31.
Price dispersion persists across products and across time. We find no convergence to the "law of one price" over an 18 month period even after controlling for differences in shipping charges and inventories. We also use time variation in the data to make an additional inference. Specifically, we show that Varian's model implies that as the reservation value of consumers seeking to purchase an item decreases, (1) the number of firms listing the product declines and (2) the range of prices offered decreases. The methodology we employ to test these predictions is to use the short life cycles of consumer electronics products as a means of obtaining variation in consumer reservation values. Reservation values are presumably lower later in the product lifespan. Empirically, we find evidence consistent with these hypotheses. The number of competing firms declines by over 60 percent in the final seven months of our dataset. Over this same period, the average range in prices decreases by $31 or 54% of the range at the start of the sample period.
We find that even after controlling for differences in costs, reputation, awareness, and trust, a significant fraction of the observed price dispersion is unexplained.
Specifically, regressions controlling for the presence of banner ads, consumer feedback ratings, firm disclosures about shipping costs, and inventory availability as proxies for these factors explain only about 17% of the observed dispersion in prices.
Further, regressions using individual firm dummies and allowing the coefficients on these dummies to vary across multiple products offered by the same firm still leave 28% of price dispersion unexplained.
The nearest antecedent to this paper is Sorensen (2000) . 3 Sorensen showed that there was considerable price dispersion in retail prescription drug markets in upstate New York. Moreover, this dispersion cannot be accounted entirely for by firm heterogeneities. 4 He finds that, consistent with equilibrium search models such as Burdett and Judd (1983) , prescriptions that consumers purchase more frequently display less dispersion than those that are purchased less frequently. Our approach is similar in that we too seek to establish the empirical importance of price dispersion unaccounted for by firm heterogeneities.
It is important to stress that our data comes from online markets where consumers have access to a list of prices. In this setting, information flows are "costless" inside the market. This suggests that models such as Varian (1980) or are probably more appropriate for generating testable implications for our data than models such as Reinganum (1979) or Burdett and Judd (1983) where equilibrium price dispersion stems from costly sequential or fixed-sample search. 4 The remainder of the paper proceeds as follows. The next section derives three empirically testable implications of the Varian model. Section 3 describes our dataset, while Section 4 presents the analysis of the persistent price dispersion hypothesis.
Section 5 examines the alternative hypothesis: that price dispersion is mainly due retailer heterogeneities. Finally, Section 6 concludes.
Theory
Unlike costly search models, which generate price dispersion from consumers' positive search costs, the model of Varian postulates that I "informed" consumers have access to the complete list of firm prices for some homogeneous product, as would be the case were these consumers to consult a price comparison site. The remaining consumers, perhaps unaware of the site or without Internet access, simply shop at a randomly selected firm and purchase from it if the price offered is less than the reservation value, r. There are M of these "uninformed" consumers in this market.
All consumers have unit demand.
Firms are assumed to be identical, there is free entry, and all firms have declining average cost curves. 5 We make the additional assumption that average cost curves are convex. 6 Since firms pricing at the reservation price sell only to uninformed consumers at a price of r each, free entry implies that
where AC() is the average cost function of each firm and n is the equilibrium number of firms. Since average costs are declining, this implies:
As the reservation value decreases, the equilibrium number of firms declines.
Intuitively, a shrinking reservation value reduces the overall surplus in the market.
As a consequence, the market can support fewer firms' fixed costs, and the equilibrium number of competing firms declines.
Varian shows that in a symmetric equilibrium, prices are dispersed over the
The convexity of the average cost curves together with equilibrium conditions (1) and (2) implies:
Hypothesis 2: As the reservation value decreases, the range in prices declines.
The intuition for the decrease in the range in prices is as follows. As the reservation value decreases, the lowest price a firm is willing to charge if it is assured of attracting all shoppers declines, since the opportunity cost of this discount in terms 6 of foregone revenue to loyal customers is reduced. This lowest price is p * in equation (2) Hypothesis 3: Price dispersion for products will persist over time.
In the sequel, we examine empirically these three hypotheses.
Data
Tests of the above hypotheses require data from an environment where some consumers have access to the complete list of prices while others do not. Further, products sold must be fairly homogeneous and (for the symmetric equilibrium to be appropriate) the firms must have similar costs. While none of these conditions is likely to be exactly met in field data, Internet price comparison sites offer a reasonable approximation of these conditions. To this end, we assembled a dataset consisting of monthly price observations for 36 consumer electronics products offered for sale at the price comparison site Shopper.com for the period from November 1999 through May 2001. Initially, we collected these data by saving web pages for each of the products listed. After August 2000, we automated this process by constructing an
Internet "spider" written in the PERL programming language to automatically download this information.
The set of products in our dataset were selected because they were the 36 highest ranked products, in terms of popularity, at the Shopper.com site at the start of the study. We inferred that the markets for these products were likely to be thick on the consumer side. Thus, the incentives for sellers to balance between posting a high price to make higher margin sales to uninformed consumers versus selling at a low price to attract the informed consumers at Shopper.com were likely to be large. The product rankings given at Shopper.com are a function the number of unique consumer requests for either product or price comparison information from the Shopper.com site. This amounts to a "click through" from a general Shopper.com page to a specific product information page.
One potential problem in studying price dispersion on a product-by-product basis is that the relevant consumption component for consumers might be a bundle of products rather than an individual product. For two reasons, this problem is mitigated in our data. First, the products we study do not have obvious purchase complementarities. Indeed, many of the products listed in Table 5 (such as the Palm III, IIIx, and Palm V) are in fact substitutes. Second, the products we study are fairly expensive (averaging about $500), so consumers are unlikely to purchase multiple products at the same time in order to economize on shipping costs. This aspect of our data differs from earlier studies of less expensive items, such as books and CDs, where these effects might be more important.
We grouped products into one of three broad categories: software, peripherals, and accessories. Software is self-explanatory. Peripherals were items that would typically be installed as part of an existing PC. Video boards are a representative item in this category. Finally, accessories are consumer electronics items that are usable with or without a PC. The Palm handheld is a typical item in this category.
The cost structure of Shopper.com provides disincentives for dishonest or otherwise obfuscating pricing strategies. 7 A firm pays Shopper.com a fixed monthly fee plus an additional fee per "qualified lead" (defined as a click through by a consumer from the Shopper.com site to the merchant's site). Thus, the strategy of posting a low price for a product which is unavailable in hopes of driving consumer traffic to one's site does not come without cost. An additional concern is that merchants might choose to price discriminate between consumers coming to their website from Shopper.com and those accessing it directly. To deal with these issues, we conducted random audits of merchant listings. We found no obfuscation strategies being employed for the products we study nor did we find evidence of discriminatory pricing. Hence, we are confident that the prices listed on Shopper.com represent actual prices for actual products that can be obtained.
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There were a few instances of prices that were obviously inputted incorrectly by firms. Specifically, there were a couple of prices that were listed at $0 on the site. To deal with this issue, we dropped all prices of $5 or less from the sample. This eliminated six observations from the sample of 9,441 observations. Results presented below are robust to a variety of different approaches to "cleaning" the data.
9 Figure 1 illustrates the information available to consumers searching for a particular product from Shopper.com's database. At the top of Figure 1 , the product name, manufacturer name, manufacturer part number, list price, and the lowest price is listed. The information also includes, in tabular form, each firm's name, the firm's price, Cnet Certified Store status, Gomez merchant rating, state, telephone number, shipping cost, product availability, and the date on which the firm last updated its information. Consumers can sort the relevant information by clicking on the column header. For example, a consumer wanting to sort the firms by price can click on the price column header.
Further product information and how to purchase an item from a particular firm can be obtained by 'clicking' either the "Buy info," "firm name," or "price" link.
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Consumers can access information about a firm's return policies, acceptable methods of payment, delivery options, and other special features by clicking the "Company info" link below a firm's name. Also, clicking the Certified Store logo brings up the requirements firms must meet in order to maintain its certified status. Finally, consumers can view the criteria on which a firm was evaluated and read the overall review by clicking on the stars from the Gomez.com firm review.
<A> Branding, Reputation and Trust
Shopper.com provides firms with other opportunities to distinguish themselves in the market. For an additional fee, a firm can complement its merchant name with its company logo or participate in a revolving targeted banner advertising campaign in several locations.
Shopper.com provides two firm quality ratings with each product search. The first is the Cnet Certified Store rating. All firms displaying the Cnet Certified Store logo have met a set of seven criterion that include: providing Cnet with up-to-date pricing, shipping cost, and stock information; providing Cnet with a customer service policy;
honoring prices displayed on the firm's web site; using encryption technology so all transactions are made in a secure environment; providing order confirmation within one business day of order and process orders promptly; providing professional packaging; and responding to customer service emails and phones call within two business days. It would seem that stores that are Cnet certified are likely to be perceived as more reputable than those who are not.
Shopper.com also retains the services of an independent firm rating service.
During the early part of our study, Shopper.com used Bizrate.com to survey consumers shopping experience with firms advertising on its web site and compiled ratings of the firms in several areas. An overall rating, between 1 and 5 stars (in halfstar increments) was assigned to each firm and displayed next to the firm's name. This allowed consumers to assess overall firm quality. Bizrate.com's services are provided for free to consumers and retail Internet firms. Bizrate.com provided these services for a fee to Shopper.com. In November, 2000, Shopper.com terminated its relationship with Bizrate.com.
11
Firms may differ not only with respect to their use of banner ads, Cnet certified merchant status, and Bizrate ratings, but also with respect to their disclosure policies regarding shipping and inventory.
In principle, all of these variables represent observable heterogeneities among firms. In Section 5, we examine how much of the observed price dispersion these heterogeneities explain. Table 1 presents a list of prices for products offered in common by the four merchants covering the largest number of products in our dataset at the beginning of the dataset. The first column of the table lists the 27 products sold by all four firms on November 5, 1999 . The type of product (S for software, P for peripherals, A for accessories) is listed in the second column. The last four columns show the listed price by the four firms on this date.
Analysis <A> Summary of Price Variation
The price dispersion observed for these products on this date is representative of the entire dataset. A consumer shopping for a digital camera, the Nikon Coolpix 950
can save about $100 by simply buying from the lowest rather than the highest priced of these four merchants. Among these four firms, pcWonders offers the low price for 12 seller among the four for the remaining three products for which it lists a price.
Likewise, there is no firm among the four that is the high price seller for all products, but McGlen Micro comes close-its price is the highest for 19 out of the 27 products. The remaining two sellers split second and third place fairly evenly. It is important to stress that none of these four firms consistently offers the lowest price across all products and time. Table 2 presents summary statistics of various measures of price dispersion for the entire period of the study. The results here confirm the impressions in Table 1- price dispersion is a significant and persistent phenomenon in these markets. Table 2 shows that the range in prices is $75.99 on average. The table also shows that a consumer shopping from the low price firm, rather than from a firm charging the average price, stands to save $30.70 on a purchase. Even a conservative measure of price dispersion, the difference between the two lowest listed prices, shows an average gap between these two prices of $8.52. The coefficient of variation-a unitfree measure of price dispersion defined as the ratio of the standard deviation to the mean-averages 12.6%. Thus, the price dispersion is substantial, although somewhat lower than what Sorensen found in conventional retail markets for prescription drugs.
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<B> Price Dispersion over Time
In figures 2 through 4, we present evidence of persistent price dispersion over the 13 of the measures, the coefficient of variation and range, were discussed earlier. In this case, the range in price is reported as a percentage of the lowest price offered for each product. The graph also shows the difference between the two lowest price listings, expressed as a percentage of the lowest listed price. This measure, which we shall refer to as the gap between the two lowest prices, is a very conservative measure of price dispersion. Moreover, it places no weight on high price outliers, which would affect the other two measures.
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In figure 2, we show the average level of price dispersion giving equal weight to each product date in our dataset over the 18 month period of our study. As the three panels of the figure show, there is persistent price dispersion using all three measures.
Panel 2a displays the percentage gap over the 18 month period covered by our dataset. The percentage gap starts at around 5% and ends at slightly above this level.
In between, the measure displays considerable volatility with upward spikes reaching The panels shown in figure 3 display the same three dispersion measures adjusted for shipping costs. While the prices used to compute the price dispersion measures in figure 2 and elsewhere are based on list prices, in figure 3 we adjust the prices for shipping and handling charges. Specifically, we divide the dataset into firms that report shipping and handling charges and those that do not. Of those firms that do report a shipping cost, if they suggest a range of prices, we take the midpoint of the range. Otherwise, we adjust the listed price for the shipping charge shown on the site and compute dispersion with these adjusted prices.
It is theoretically possible to observe persistent dispersion in list prices, yet for all firms to be charging the same "full price" once one accounts for shipping costs. Figure 3 , however, shows that this is not the case. Including shipping charges lowers the coefficient of variation, but typically by less than 1%. Shipping adjusted prices also lower the price range by less than 5% for each monthly period. Shipping adjusted prices have the least effect when one looks at the gap between the lowest two prices.
Here, there is little to distinguish between dispersion using the adjusted and unadjusted prices. Figure 4 examines these same dispersion measures dividing firms into those that positively disclose that a particular item is in stock and those that do not. The idea is that firms that do not have an item in stock may list a price simply as a device to divert traffic to their site in hopes consumers will buy some other, presumably higher margin item. This could cause various measures of price dispersion to indicate dispersion even though all of the firms that actually have goods to sell charge the same price. As figure 4 shows, focusing solely on firms positively having the item in stock slightly decreases the coefficient of variation and range measures of price dispersion and does little to affect the gap measure. Regardless of the measure used, persistent price dispersion remains.
To summarize, we find evidence of persistent price dispersion using a variety of dispersion measures and controlling for differences in shipping costs and whether the item is in stock. This is consistent with hypothesis 3.
<C> Testing Comparative Static Implications
We now turn to hypotheses 1 and 2, which predict that as reservation values decline, the equilibrium number of firms and the range in prices should both decline.
Our data tracks 36 products over an 18 month period, starting at the point when they
were the most popular products listed at Shopper.com. As products get older in our sample, one would expect consumer reservation values to decline. To get at this effect, we run the following regression:
RANGE it is the range in prices for product i on date t expressed in dollars. D 1 is a dummy for whether the observation comes six to ten months from the end of the dataset. D 2 is a dummy for whether the observation comes from the last five months of the dataset. The variable MSRP it is the manufacturers suggested retail price for product i on date t. The vector X i consists of dummies for the type of product (software, peripherals, or accessories). The idea behind these controls is that if demand or costs vary systematically with product type, this variation will be absorbed.
Using GLS to correct for the presence of heteroscedasticity in the error term, table 3 presents the coefficient estimates for equation (3) . The first column of the table displays the estimates of equation (3) The second column of Table 3 displays the coefficients when we estimate the "corrected" range in prices using the procedure described in Sorensen (2000) (3) and (4). The results of this approach are shown in Table 4 . The first two columns of this table present the coefficient estimates using the raw dollar value of the range in prices. The second two columns present the coefficient estimates using the "corrected" price range using the residuals from the fixed effects regression described earlier.
Once again, the coefficients on D 1 and D 2 are of the expected signs and magnitudes and are significant at conventional levels. The correlation coefficient between these two variables is estimated to be 0.3783, which is positive and significant, again consistent with the theoretical predictions.
Firm Heterogeneity and Price Dispersion
The analysis above indicates not only that price dispersion persists over time, but that the pattern of observed dispersion is consistent with predictions of the Varian model. In this section, we examine alternative explanations based on differences in branding, reputation, and trust as well as cost heterogeneities.
For a given product listed at Shopper.com, all retailers are offering the same item.
Yet, retailers do differ in their restocking policies, exchange policies, shipping speeds, and so on. Thus, it is possible that the observed price dispersion merely reflects quality differences among retailers, although the differences in the price rankings of the portfolio of products offered by the same retailer does cast some doubt on this explanation.
Brynjolfsson and Smith (2000) identified branding, reputation, and product awareness as key factors in generating price dispersion on the Internet. To quantify the impact of these factors on the dispersion observed in our dataset, we consider the following model separately for each product in our dataset:
(5) PRICE jt = β 0 + β 1 CNET jt +β 2 BANNER jt + β 3 SHIP jt +β 4 STOCK jt + ε jt
As equation (5) shows, for each product, we regress the list price of firm j in period t on dummy variables for whether firm j is a Cnet certified merchant (the variable CNET jt ), whether it posted a banner ad on that date (BANNER jt ), whether it disclosed shipping costs on that date (SHIP jt ), and whether it had the item in stock on that date (STOCK jt ). The resulting R-squared values are reported in the first column of Table 5 (model 1).
Notice that the R-squared values reported for model 1 represent the percentage of the total variation in the prices charged for each product that can be explained purely by observable differences in these firm characteristics. The R-squared values range from 2 percent to 100 percent. The average value is 17 percent, indicating that 83 percent of the variation in the prices for these products cannot be explained by observable differences in firms' reputations, advertising strategies, or disclosure policies regarding shipping costs or product availability. If price dispersion were an artifact purely of these observable differences, the R-squared values would all have been close to 1.
Model 1 controls only for firm heterogeneities that are observable to consumers visiting the Shopper.com site. One might speculate that unobserved heterogeneities in firms' costs or other factors explain the observed price dispersion. In order to quantify the impact on price dispersion of both observed and unobserved firm heterogeneities, we also regressed the list price of firm j in period t on dummy variables for each firm j. The R-squared values from this specification (model 2) are given in column 2 of table 5.
The R-squared values reported for model 2 represent, for each product, the percentage of the total variation in prices explained by both firm differences observable by looking at the Shopper.com site as well as heterogeneities not directly observable (such as cost differences). Not surprisingly, including all of these dummy variables greatly increases the percentage of the observed price dispersion that can be explained. However, even with individual dummies for every firm in the sample and controls for each product in our sample, 28 percent of the dispersion in prices remains unexplained.
To summarize, after accounting for firm heterogeneities in costs, branding, reputation, trust, product availability and shipping costs, 28 percent of the variation in prices charged for homogeneous products remains. This finding is consistent with Hypothesis 3.
Discussion
George Stigler noted that in practice there is never absolute homogeneity of commodities in naturally occurring markets. However, Stigler was loathe to attribute all of observed price dispersion to heterogeneities. He writes: "…a portion of the observed dispersion is presumably attributable to such [product] differences. But it would be metaphysical, and fruitless, to assert that all dispersion is due to heterogeneity." (Stigler, 1961 p.214) The primary purpose of this paper is to assess whether a significant fraction of the price dispersion observed on a leading Internet price comparison site owes its existence to forces of persistent price dispersion hypothesized in Varian as opposed to being an artifact of differences in costs, branding, reputation, or trust among competing retailers. Our central finding is that price dispersion is remarkably persistent over the 18 month period of our study-even after controlling for shipping costs and firm heterogeneities.
If temporal price dispersion, as hypothesized by Varian, is indeed an empirically important component of observed price dispersion, then an important implication of that model is that both the number of firms listing prices for a given product and the 22 range of prices offered should decline as the product ages. We find evidence consistent with this prediction.
Finally, we note that while a fraction of observed price dispersion may be explained by appealing to firm heterogeneities, 28 percent of the observed dispersion remains unexplained. We contend that this is further evidence in support of the empirical relevance of equilibrium models of persistent price dispersion. figure 3 for some evidence on this.
9 While we have 9,441 individual price observations, our unit of observation in examining summary statistics of price dispersion is the product-date. This pools all price observations for a given product on a given date. There are 427 product-dates in our dataset.
10 Each firm's web site also provides consumers with different information. Some firms include a photograph and detailed description of the product offered for sale, while others list only the price and shipping information.
11 On December 20, 2000, Cnet announced that Gomez.com would serve as its new, independent rating services. This ranking is similar to Bizrate.com, with the exception
